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$\{0,1\}^{n}$ , $\{0,1\}^{m}$ $M(n, m)$
$X\in M(n, m)$ , $X$ $x\in\{0,1\}^{n}$ $y\in\{0,1\}^{m}$
.
, $X$ $c\in M(n, m)$ .
, 2 ( )
, .
, $A$ $n$
. , $A$ $X$
. , $\Pi=(M(n, m),X)$ $|M(n, m)|$
$=1$ $X$ 1 , $c\in M(n, m)$
$t$ , $t,$ $m<p(n)$ $p(n)$ .
$C(n, m,p)$ $p(n)$ $n$ $m$ (boolean circuit)
$M(n, m)\subseteq C(n, m,p)$ .
, $p(n)$ $n$ $m$ $|C(n, m,p)|$ $n$
, $X$ .
, , and or
.
2. .
$n$ $c$ $x_{1},$ $\ldots,$
$x_{n}$ and , or 1 not
$g_{1},$ $\ldots,$ $g_{N}$ , $gj$ $g_{i}$ , $i<j$
. , $c$ and or $g_{c_{1}},$ $g_{c_{2}},$ $\ldots,$ $g_{c_{m}}$ ( $c_{1}<c_{2}<$
. . . $<c_{m}$ ) , $c$ .




1( ) NP ,
.
1. (Boolean circuit identification, BCI).




1: $F(x_{1}, \ldots, x_{n})$ BCI $X$ $c$ .
.
, $X$ $c$ ?
, $X$ $c$
, BCI $\in$ co-NP . BCI (BCI ) NP
.
1. BCI NP .
. SAT $F(x_{1}, \ldots, x_{n})$ , BCI
(X, c) .
$X$ $c$ $n+1$ $m$ , $F$ and or $m-1$
not $\hat{F}$ .
and $g_{c_{m}}$ , $g$
$m$ $x_{n+1}$ $\urcorner x_{n+1}$
.
$\hat{F}$ , $F$ $x;,\overline{x}_{i}$ $x_{i}$ not
, and or and or . $n$
and or . $\hat{F}$ $g_{c_{m-1}}$ $F$
. $X$ $g$ $m-1$ $x_{n+1}$ and $g_{c_{m}}$ , $c$
$g$ $m-1$
$g_{c_{m}-1}=\urcorner(x_{n+1})$ and $g_{c_{m}}$ ( 1).
$n$ .




$\ldots$ , $F$ , $b_{1},$ $\ldots,$ $b_{n},$ $1$ $X$ $c$




$b_{n},$ $b_{n+1}$ $X$ $c$ ,
$y_{m}=g$ $m$ . $g$ $m$ and
, .tf $X,$ $c$ $g_{c_{m-1}},$ $g_{c_{m}-1}$ 1 .
$g_{c_{m-1}}$ $F$ $b_{1},$ $\ldots,b_{n}$ , $F$
. $F$ . $\square$
, $n$ $m$ $(m<p(n), p(n)$ $n$ )
$X$ , $P\neq$ NP ,
.
3




$c$ (fan out) 1 , $c$
.
$n$ and, or $m$ $n-1$ . ,
.
4. .
$c$ $n$ , $N$ . $c$ $9k(1\leq k\leq N)$
i) $g_{k}$
ii) $g_{k}$
. , $g_{k}$ , $g_{k}$
.
, .
1. $g_{k}$ $n$ $c$ , $g_{k}$
. $g_{k}$ $0$ 1 $c$ $\mathcal{O}(n)$
33
. , $g_{i}(1\leq i<k)$ 1 $g_{k}$
, $g_{i}$ $g_{k}$ , $g_{i}$ $g_{k}$ .
, .
2. $X\in M(n, m)$ , $M(n, m)$ $n$ $m$
, $\mathcal{O}(n^{4})$ $X$ $c\in M(n, m)$ .
. $g_{c_{k}}$ $y_{k}$ , $g$
$k$
not $\neg y_{k}$ , $n$ $m$ ,
$c$ $\{y_{1}, \ldots , y_{m}\}$ {and, or} $\cross\{x_{1},$ $\urcorner x_{1},$ $\ldots,$ $x_{n},$ $\urcorner x_{n},$ $y_{1},$ $\neg y_{1}$ ,
. . . , $y_{m},$ $\urcorner y_{m}\}^{2}$ $\Gamma$ . $X$ $b\in\{0,1\}^{n}$ $k$
$X_{k}(b)$ .
, algorithm $X$ $c$ .
Algorithm
$\gamma_{k}\in\{y_{1}, \ldots, y_{m}\}$ $\Gamma(\gamma_{k})$ .
$G$ $G=\{x_{1}, \ldots, x_{n}\}$ .
(1) $1\leq k\leq m$ $y_{k}$ 1 :
(2) $\{(\gamma_{i},\gamma_{j})|\gamma_{i}\neq\gamma_{j}\in G\}$ :
$\gamma_{i}$ $\gamma j$
, $(\gamma_{i}, \gamma j)$ $(0,0),$ $(0,1),$ $(1,0),$ $(1,1)$ $b_{ij}(0),$ $b_{ij}(1)$ ,
$b_{ij}(2),$ $b_{ij}(3)$ $\Gamma$ . $X$ $b_{ij}(O),$ $\ldots,$ $b_{ij}(3)$ ,
$k$ $X_{k}$ . $X_{k}(x_{ij}(O)),$ $\ldots,$ $X_{k}(x_{ij}(3))$
$0,0,0,1$ $\Gamma(y_{k})=(and, \gamma_{i},\gamma_{j})$ ;
$0,1,1,1$ $\Gamma(y_{k})=(or, \gamma_{i},\gamma_{j})$ ;
$0,1,0,0$ $\Gamma(y_{k})=(and, \neg\gamma_{i},\gamma_{j})$ ;
0,0, 1, $0$ $\Gamma(y_{k})=(and, \gamma_{i}, \urcorner\gamma_{j})$;
1, 1, $0,1$ $\Gamma(y_{k})=(or, \neg\gamma_{i},\gamma_{j})$ ;
1, $0,1,1$ $\Gamma(y_{k})=(\urcorner$
1, $0,0,0$ $\Gamma(y_{k})=(and, \neg\gamma_{i}, \neg\gamma_{j})$ ;
1, 1, 1, $0$ , $\Gamma(y_{k})=(or, \neg\gamma_{i}, \urcorner\gamma_{j})$;
$y_{k}$ , (2) .
$G$
$\gamma_{i},$ $\gamma_{j}$ , $y_{k}$ .\langle .
$c$ .
34
algorithm $X$ $c$ .
Base step: algorithm $y_{1}$ $\{(\gamma_{i}, \gamma j)|\gamma;\neq\gamma_{j}\in G\}$ ,
$G=\{x_{1}, \ldots,x_{n}\}$ , algorithm $(\mathcal{O}(n^{2}))$ , $X$ $y_{k}$
. , , not
algorithm 8 ,
$X_{k}(b_{ij}(0))$ , . . . , $X_{k}(b_{ij}(3))$ . algorithm not $g_{c_{1}-1}$
( $c_{1}$ ), $y_{1}=g$ 1 .
$y_{1}$ . algorithm $g_{c_{1}}$
$\gamma_{i},$ $\gamma i$
$X$ 1 . , $X$ $\gamma_{i},$ $\gamma_{j}$ $G$
, $(\gamma_{i}, \gamma j)$ $(0,0)$ , $(0,1)$ , $(1,0)$ , $(1,1)$ $b_{ij}(0),$ $b_{ij}(1),$ $b_{ij}(2)$ ,
$b_{ij}(3)$ $\Gamma$ , $X_{k}(x_{ij}(0)),$ $\ldots,$ $X_{k}(x_{ij}(3))$ ,
1 $c$ $y_{1}$ , algorithm .
algorithm , . $c$
$y_{1}=g_{c_{1}}$ $X$ .




, $|G|<n$ . base step , $al$gorithm
$X$ $y_{k}=g_{c_{k}}$ , $O(n^{3})$
.
$y_{k}$ . $y_{k}$
, 1 $G$ , 1
, $\gamma_{i},$ $\gamma j$
, $(\gamma_{i}, \gamma j)$ $(0,0)$ , $(0,1)$ , $(1,0)$ , $(1,1)$ $b_{ij(0),b_{ij}(1),b_{ij(2),b_{ij(}3)}}$
$\mathcal{O}(n)$ . $c$ $y_{k}=g_{c_{k}}$ $\gamma_{i},$ $\gamma_{j}$ , $X$ 1
, base step , $c$ $y_{k}$ $X_{k}(x_{ij}(0)),$ $\ldots,$ $X_{k}(x_{ij}(3))$
1 . algorithm
, . $c$ $y_{k}$ $X$ .




, and, or , ,
35
. ,
, $\{0,1\}^{n}$ $\{0,1\}$ ,
(monotonic) [4].
, fan out 2 ,
.
, ,
. $M(n, m)$ $n$
, , ,
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